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companies. Statistical tests found there was no evidence that the input price

trends differ for the telephone industry and the U.S. economy for the full 1948-

1992 period. It is extremely important to note that the same conclusion holds for

the 1948-1984 and 1984-1992 subperiods.

This means that any observed short-term differences in input price growth

do not represent a difference in the underlying trends of input prices. The

volatility of this series is so great that observed differences cannot be

statistically distinguished from a difference of zero. This also means there is no

statistical basis for using an observed short-run differential as a projedion of

expected future trends. This is illustrated in Charts 4 thro~gh'S'.33

Chart 4 illustrates that the long-term average growth rates of telephone

industry and U.S. economy input prices is essentially identical, resulting in a

long-term differential of only 0.05%. Chart 5 shows the long-term differential

and the annual values of the differential. It can be seen that there is substantial

variability of the annual vaJues around this long-term trend. Chart 6 illustrates

that there was a great deal of annual volatility in the 198+1992 input price

growth differential. Annual values of the differential range from -7.8% to

+ 7.7% during this period.

33 Th. first oblerved growth rate for the 1948 to 1992 period occur. in 1949--i.e., the
growth in 1949 over 1948. Therefor., the first data point in Chana 4 and 6 is 1949
Similarly, in Chart 6, the firlt obMrved growth rate for the 1984 to 1992 period o~rs In
1986.

47



1Z/14/95 1&:87 MEDIATE!. FAX SEBVICE->U S UEST/Judy Brunsting
12/14/95 THO 17:15 FAX 608 231 2108 CHRISTENSEN ASSO

DEC 14'95 05:00PM
JaI 028

1I Average Input Price Growth Differential. 1948 - 1992 -0.05"

M Itl I"- en - M In I"- en - M In I"- en - M In I"- en -In Itl It) It) (C (C (C (C (C ,... ,... ,... I"- ,... CD CD CD CD CD enen en en (7) (7) (7) (7) (7) (7) en en Ol Ol Ol Ol en en Ol Ol cn- -Yeir - -
Ch.t6

Input Price Growth Differenti".1948 - 1992

Chart 4
Average Telephone Industry and U.s. Economy Input Price Growth.

1148- 19928.0% ,..- ---,

7.0%
u.s. Average Input Price Growth -4.7&" I

1! ~: +---------------..;:--------------~j 4.0% Telephone Average Input Price Growth -4.7OlJft
_ 3.0%

2.0%

1.0%

0.0% =-_---:!_:!'--:+-~--+--!'--...-------.......------+--!'-~-.,.;...-~(7) _

¢ Itl
(7) (7)

188218811810

, ~ f 1
Annual _ ,,/ \ f

Differential \ I

1888 Y.., 1_

1148· 1992Average -0.0&'"

1987

It) ... Ol .- M It) ,... Ol - M In I"- Ol - M In I"- Ol -In In It) UI (C UI CD UI I"- ,... ... ... I"- CD CD CD CD CD OlOl cn Ol en (7) Ol Ol Ol en en en en en Ol en Ol en (7) en- ... .- 0- .- 0- 0-

Ye.,

Chart 6
Input Price Growth Differential. 1884. 1992

1.

10.0%

8.0%

6.0%

4.0%- 2.0%c
41
y 0.0%...•Do -2.0%

-4.0%

-6.0%

-8.0%
en - M
¢ It) It)
Ol Ol Ol

8.0%r-----------------~--------,
6.0% i'
4.0% Annual -...... I \.

Dlffe,ential I \.
~ \.ci 0.0% 1----+-------+-----+------;---1I:.---+---~,~---_J

.. -2.0'Ka _ - I'" - - --- " "~--- " I-4.0'Ka "
·8.0% ,I
-8.0% ,_ I

1986



12/14/95 1&:88 MEDIATEL FAX SERVICE-)U S UEST/Judy Brunsting
12/1'/95 THU 17:16 FAX 608 231 2108 CHRISTENSEN ASSO

DEC 14'95 05: in!?M
~029

I

The volatility of this series is so great that observed differences cannotIbe

statistically distinguished from a difference of zero, meanrng there IS no

statistical basis for using an observed short-run input price growth differential as

a projection of expected tuture trends. 1
It is evident from Chart 5 that using the 1984-1992 differential as a b is

i
for projection seledively chooses the only subperiod in the series where fhe

I
differential was less than zero for a number of y~ars. Events since 1989 indiJte

the differential has resumed its long-term pattern of random, volatile deviati,ns

around zero. The events producing the observed 1984-1989 input P1ce
differential are not likely to repeat themselves going forward. From 19841 to

1992 the LEe measured capital input price rose slower than the measured

capital input price for the U.S. economy I and the LEe labor input price rose

faster than the labor input price for the U.S. economy. But neither of tht

differences can be properly construed as a change in long-term trends. A~ I

discuss below, because they cannot be expected to continue, they cannot form
I

the basis for a forward-looking regulatory policy.

In particuJar, the short-term difference in measured capital input prices

reflects the fact that measured LEe capital input prices put a much 'ar~er

weight on interest rates than measured U.S. capital input prices, and the fact

~ up until 1993 the poat-<livelllilure period has been a' time of d8C1inT9

Interest rates. The USTA study of LEe productivity growth used Moody's

compoaita yield for public utility bonds as a proxy for the opportunity cost [f

i
i

"9 j
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capital for all LECs.34 This yield fell from 14.03% in 1984 to 7.56% in 1993.

It had risen to an average of 8.3% in 1994. Subsequently interest rates have

declined somewhat from 8.3%,· but it is very unlikely that the U.S. economy

will soon experience another period of prolonged interest rate declines of the

magnitude experienced between 1984 and 1993.

Because short-term differences in one direction tend to be offset by

subsequent short-term differences in the other direction, the inclusion of ~
i

input price growth differential term in the price cap offset based on recent

short-term fluctuations in input prices is likely to be in the wrong direction.

Therefore, the best estimate of the expected input price growth differential is

given by the long-term differential of zero, not a projection of the 1984-1992

differential.

I
Tests for t~e 1959-1992 period. In addition to using a different data se"

the other concern raised by Bush and Uretsky regarding the Christensen input

price affidavit was that the data began in 1948 versus 1959 for the uNERA H

data. Therefore, statistical tests were performed on the "Christensen" data set

over the 1959-1992 period to demonstrate that the inclusion of the 1948-1959

period did not bias the test results presented in the Christensen input price

affidavit.

~ .

Since the yiefd on public utility bond. reflects the cat of debt, but not equity, and since
the COlt of equity i. typically higher than the coat of debt, thia proxy will tend to under.tate
the full opportunity coat of capital to the LECa. Moreover, since the cost of debt has
recently fallen relative to the COllt of equity, this proxy has declined relative to the full
opportunity coat of capital to the LEes.

so
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Over the 1959-1 992 period, telephone input prices grew at an annual

average of 4.9 percent versus 5.2 percent for the entire U.S. economy. Thown

in Table A3.1 below are the statistical tests of the hypothesis that the trend in

input price growth for the telephone industry equals the trend in input price

growth for the entire U.S. economy for the 1959·1992, 1959-1984, and 1984­

1992 periods.35

Table A3.1
Statis1ical Test of Hypo1hesis That Input Price OIffMentia11s zero

1969·1992

Time PeriOd

1959-1992

1980-1984

1984-1992

T-Statistic

0.40

0.41

1.30

Critical Value

2.04

2.08

2.38

As with the results presented in the Christensen input price affidavit for

the 1948-1992 period, there is no statistical evidence that telephone industry

and U.S. economy input price growth trends differ over the 1959-1992 period.

Therefore, inclusion of the 1948·1959 period in the "Christensen· data set did

not bias the results.

. ~,.

35 For each time period. the first obaervftd growth ,•• occur. In the nc:ond v••r of the
period-i.••, the first growth rete for the 1959-1992 period is 1980.
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Conclusion

Pre-1984 telephone industry input price data based on the

telecommunications industry study filed in Dr. Christensen's North Daktf

testimony uses a different method for measuring capital input prices than his

more detailed telephone industry TFP studies. Therefore, when using t~e

combination of the telecommunications industry study for the pre-1984 period

and the USTA LEe study for the post-1984 period (as in the "NERA· data), any

observed differences in the input price differential could just as well be attributed

to the different methodologies as to a "real· difference due to a "strudural·

I
change in the telephone indUStry/U.S. economy input price relationship. liS
renders the Bush-Uretsky results based on the "NERA" data meaningless.

The input price data set used in the Christensen input price affidavit is the

most methodologically consistent and, thus, the most appropriate for measuri19

the relationship between telephone industry and U.S. economy input price
.

trends. The affidavit demonstrated that there was no statistical evidence th t

input price trends differ for the telephone industry and the U.S. economy for t e

full 1948-1992 period, or for the 19.uJ.1984 and 1984-1992 periods. Moreov I

it has been demonstrated here that there is no statistic81 evidence that inp

price trends differ for the 1959-1992 or 1959-1984 periods.

This means that any observed short-term differences in input price gr

do not represent a difference in the underlying trends of 'input prices. In

particular, there is no statistical basis for using the 1984-1992 differential as a

basis for projecting a differential for 1996 and beyond. Not only does this

52
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represent the selective choice of the only subperiod in the series where the

differential was less than zero for a number of years, but the volatility of the

series is so great that observed differences cannot be statistically distinguished

from a difference of zero.
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ECONOMIC EVALUATION OF SELECTED ISSUES

FROM THE FOURm FURTHER NOTICE

OF PROPOSED RULEMAKING IN THE LEC PRICE CAP

PERFORMANCE REVIEW
,

,

BACKGROUND AND SUMMARYI.

The Founh F~T Notia of Proposed Rul~nlQ/dng (FFNJ solicited com

regarding methods to establish a long-term price cap plan for the local exchange

(LEC) industry. This paper addresses four issues: (i) trends in LEe input prices

direct measurement of LEe's unit costs ('57 and '61); (ii) the measurement of sttlJl~

productiYity growths for interstate, intrastate, regulated and nonregulated services,

and '70); (ill) AT&T's Historical Revenue ('80-83 and '88-89) and (iv) the consum

productivity dividend (, 94-95).

In geocnl•.wc find that post-divestiture point estimates of tile difference~
LEe and U.S. industry input price growth rates are unreliable. Measures of LEe , .

productivity growth relative to the U.S. as a whole provide reliable targets for the an~ual
I
I

price cap adjustment formula, and attempts to fine-tune such a formula using short-term

changes in the input price differential will not lead to greater accuracy or larger welfare

gains. Productivity measures must be calculated-as nearly as possible-at the level of

aggregation of the entire finn. Because the production processes for interstate and intrastate

(or regulated and unregulated) services are not separable, attempts to calculate service­

!pe':ific productivity growth rates or to adjust total-firm TFP estimates for relative growth

rates of particular inputs are futile. Finally, though the historical price and n:P methods of

appraising past industry performance are based on the same basic economic theory and

similar assumptions, (i) the TFP-based calculation is less sensitive to violations of those

assumptions, (ii) the historical revenue approach does not have the theoretical support that

the TFP and historical price methods pos~s, and (iii) the historical revenue approach

requires many additional unrealistic conditions which do not hold in.the telecommunications industry.
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,
D. LEe INPUT PRICES GROW AT TIlE SAME RATE AS U.S. INPUT PRIers

~ X in a price cap plan should be chosen so that GDP·PI • X is a rcasoH
target for the future chanle in cost per unit of output for the regulated firm. McuuraDlllU of

LEe and U.S. input price chances is thus necessary in order to translate chanCes in relative

lrowth of total factor productivity (fFP)-which relate growth rates of output and input

qumuities-to relative changes in unit COSlS. which requires reliable information about input

prices. Put simply, changes in cost per unit of output are liven by the difference between the

chanie in cost and the change in output quantity. Since the change in cost is simply thejsum

of the change in input price and input quantity, the change in cost per unit of output can be .

written as the difference between the growth of input prices and the growth of TFP.

The FFN seeks comments on three items related to the measurement of LEe and

U.S. input prices and their role in the selection of an appropriate target value for X:

•

•

•

Is the long-term difference between U.S~ and LEC input price growth rates

(the "input price differential") uro7

Has the trend in LEC input prices or the input price differential changed since

divestiture?

Is it ,more desirable to measure LEe unit cost lrowth directly, rather than by

comparing"LEe TFP and input price growth to U.S. TFP and input price

growth,

Our analysis once again confmns that the long-term trend of the LEe and U.s. input price

differential is zero and that the trend has not changed since divestiture. We continue to

believe that capital service price.s are difficult to determine and, while adequate for their

intended use in a TFP study, will result in historical inPut price~.diffiiences that
. ..
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cannot be c:alculated with sufficient accuracy to suppon forecasts of future input price .crowth

differences.

A. The Lolli-Term Trend or The Input Price Ditf'erentiaJ is Zero

•
There is no genuine dispute in this proceeding that the long-term rate of growth of

LEe input prices is the same as U.S. input price growth. As discussed in the attaChment to

the United States Telephone Association filing prepared by Christensen Associates, the input

price series that is most methodoloaically consistent over time was flIed in an affidavit by

Dr. Laurits Christensen on February 1, 1995.' It combines (i) the Christensen Bell System

studf for the 1949-1979 period, (li) the USTA LEe study for the 1984-1992 period, (iii)

the Bellco~ Repon4 for the 1980-1982 period and (iv) the North Dakota studt for the

1983-1984 period. In this data set (which we will call "Christensen 1II for convenience), the

long run input price differential averages 0.1 percent and is not statistically significantly

different from zero at conventional confidence levels.

I
In AppendiX F to the Firse Repon and Orth" PCC Staffm~C. Anthony Bush

and Mark Uretsky (henceforth "Bush-Uretsky") cite a NERA analysis of a different set of

Christensen data spanning the'1960-1992 period, which combines input price data from the

Christensen LEe study for 1984-1992 and the Christensen North Dakota study for 196().

19~.6'~:.=~~::M::::s=::~r~
CAp Formula.· Affidavit filed in CC Doc:kel No. 94-1. Fobnaaty 1. 1995. E.xluDit A (CbriIMDIM ~Vjl).

~ L.R. Cui.,.._, D.C. CbriAeaIell. aDd P.E. ScholIcb. "Toca1 Factor Productivity ia die Bell
SysImD, 1947-1979,·~ AaociltM, Sep«aDbw 1911.

J L.R.. CJariotaI.., P.E. Schooch. &ad M.E. Meiu-. "PIoductivicy of the Local 0pntiD. Tel"'"
CompIIIice subject 10 Price Cap ReJUlalioll. 1993 Updace." CuUteueD~, Jaauary 1995.

• Bell ComnmnicalioDl Ru-rc:b IDe•• EcolfDtlUJlric Eni_ion ofI. JltrrilUll OpertIIi:I;"'L
lIIltnrtIU ACLWS, Spcial a.port S&·PAD-0900SS2. May. 1911. .

$ L.ll. Chde,mm. -Tocal face« Produccivity Orowtla iD the U.S. TeIeoom..ic-8IiODI
die U.S. Ecoaomy, 1951-1987," ScbeduJe 3 to Dinet TcstimoIly, Cue No. PU-2320-90-1C9. North Dakala
Public SerW;e CQmmi.OIl, 1990; U.S. Bureau of Labor Statistics, "Multifactor Producti~ty for' the Privaae
B1IIiaaI Soccor."

6 C.A. Bulb ucl M. Ureuky. "Input PlicalDd Tot&I Factor Productivity," I,. the Utili". ofPrii:!6 C4p
PnjDrrrtIIIIl¥ lWtMw for Local Ezduua,c Ctzrriws. Finl Rqon and 0,.,.. CC Docket 94-1, FCC 95·132
(March 30, 1995).A~ F (hcGceforth "Appendix. F-).
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that this input price differential series differs from Christensen 1 and that the averap input ,

price differential over the 1960-1992 period is larger than that for Christensen 1, averagin&

0.7 percent. Bush-Uretsky's conclusion that "the various data series placed on the recont by

USTA are not all in accord that the lone-run input price differential is, in fact, zero'" is

based entirely on the Christel15Cll 2 data set. They both use Christensen 1 and 2 data sets to

araue that "the post-divestiture period represents a significant bno.ak from the past. "I

The Christensen 2 data set was put together by NE.RA from publicly-availabl~
I

sources to test the hypothesis that the avcra&e input price differential was :loCfO in the long

run. However, as explained by Dr. Christensen, there are important differences in the:

measurement of input prices between the USTA LEC and the North Dakota studies. ~c:e,
the Christensen 1 data set provides "the most theoretically consistent telephone input price .

time series available'" because it minimizes the use of the North Dakota input price 'data for

which capital prices were calculated using a different method.' Thus Bush-Uretsky's

conclusion that because

Christensen has provided no justification for usinC a different version of the
LEe input price series for the period 1960-1984 than NERA's yersion.:.we
cannot accept Christensen's conclusion that the input price differential is
zeroJO

is incorrect. Using the best available, most consistent measure of LEe input prices over the

longest period available at the time, the difference between the growth rates of LEe ar.d

U.S. input prices is negligible (0.1 percent) and not statistically significantly different from

zero. J1

To test whether there is a statisti.cally discernible difference between LEe and

U.S. industry input prices, we performed four separate t-tests of the hypothesis that the mean

, JbJ4. at 12-

• 1bUl, at 13-14.
, See &be .nerbmcat to tbe United. States Telephoae AuociaIiD, tillin, prpnd by Qari."",_

AtIGc1aceI.
IO~Pat 13. ' •
II How.v.. uDr. Cb.rist--n ...... theN are IipificaDt methodological iDcoaIisteDciea betweeD the

U.S. iDput iDflatioa IIIeIoSI.Ue and hi, LEe input inflatioa ....mal. . ..'
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difference between the change in LEe (or telecommunications) input prices and U.S.

industry input prices is zero assuming unequal variances. Table 1 shows that we cannot reject

the hypothesis at the 9S percent confidence level, as each t-statistic is less than its associated 4

critical value. Indeed, even at the 90 percent confidence level, we cannot reject the

hypothesis that the input price differential-for the entire period or for the post-divestiture

period-is zero. Thus, the data provide no statistically valid support for the use of an average l·
I

input price differential different from :roo In other words, Christensen's conclusion that the

LEe input price differential is zero is supported by the data.

Table 1. We cannot Reject the Hypothesis that LEe and U.S. Industry Input Prias Are
Equal

.
•

Iapu& Price MaD t Critical 4

Study 1"'une .-riod DiII'erentiaI Input Price t·Statiitic «-0.05, %..
DiR'enatiaI

I

~1985·1992 1.7" 4.0" 1.27 2.36
1960-1992 4.1% 5.3% 0.19 2.01
1985·1992 1.7% 4.0% 1.31 2.36

We pcrfonned our tests using both the Christensen I and Christensen 2 data sets.

Again, the tests show that we cannot reject the hypothesis that the two series have the same

mean over the longest possible periods: 1949·1992 for the Christensen 1 data and 1960-1992

for the Christensen 2 data. From these tests, we conclude that there is no evidence that the

long-term input price growth rates for the LEe industry and U.S. industry in general are
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different, and that no difference should be embodied in a value of X intended to represent a i
lOllI-term industry average productivity target. ,

t 1
B. The Input Price Differential Did Not Chance Permanently at Divestiture

Bush-Uretsky conclude that the post-divestiture average input price diffcn:ntial -is

not consistent with a lone-run trend of zero percent" and that "the input price differential for

the post-divestiture period should be calculated using post-divestiture data." In addition, tt.r'
asscrt-circularly-that "the input price differential for the 1984·1990 period should be baIpd

. I

on data from that period" and that "[flor purposes of calculating the historical X-Factor for

the period 1984-1990 under a TFP framework, ... the input price differential for the 1984­

1990 period should be used. "11 Under dispute is the robustness of that point estimate and

whether it should be used as a forecast of future input price differentials. A key piece of

evidence used to reach their conclusion js their test of Ad Hoc's unsupported hypothesis that

divestiture explains the slow-down in LEe input prices relative to U.S. input prices during

the 1984-1992 period:

We tested Ad Hoc's hypothesis that divestiture explains why LEe input prices
appeAl' to be growing at a substantially slower rate than economy-wide input
prices during the 1984-1992 pcriod....We performed several statistical
tests...we conclude that divestiture is a major factor in slowing the rate of
growth of telephone company input prices 13

Bush-Uretsky claim to have tested two hypothesized relationships: (i) that changes

in LEe input prices can be explaincc1 by U.S. input price changes. the level of Moody'S

public utility bond yields and the implementation of divestiture, and (ii) that chanles in the

LEe and U.S. input price differential can be explained by the level of Moody's public utility

bond yields and divestiture. Simple ordinary least squares repession was applied to test ead1

12 Appeadix P at 13.14.
Il Appeadix P at .13.
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hypothesized explanation usin& both the Christensen I and 2 data sets described above, so

that a total of four regression models were estimated.I'

There are clear conceptual and statistical problems with the analysis performed by

Bush-Uretsky. First, the Bush-Urctsky approach cannot be used to conclude that divestiture , f

had any causal effect on either LEe input prices or the LEe and U.S. input price , ,

differential. Empirical economic analysis begins with an economic model that describes the

relationships among economic acents, markets and economic activity. While a divestiture I

dummy variable is statistically significant in all four of their regressions, this result does not ,
. I

establish the hypothesis that changes in LEe input prices are related to divestiture, that the '

input price differential increased permanently at divestiture or that divestiture caused any

change in LEe or U.S. input prices. The data appear to support the hypothesis that a

temporary shift took effect between 1984 and 1990 but then rcvcrte:d back to the DOnnal

historical pattern of input price changes. Indeed. simply adding an additional dummy variable

to their equations to account for the 1990-1992 period would indicate that the relationship

shifted back again so that the slower LEe input price growth rate in the 1984-1990 period

should be regarded as an aberration, not a permanent chance. See Attachment A. The fallacy

of this type of reasoning-introducing a dummy variable into a regression with no theoretical

suppon and inferring something from a statistical test of its coefficient'5 significance-was

explained in a california prOCb"'liing by Dr. Gregory M. Duncan.15 As illustration, using

dummy variables and the Bush-Uretsky data set, Duncan showed (i) that the input price

differential in the 1983-1992 period was no different from the 196()..1982 period. (ii) that the

I.n. 0IriIfID.. 2 data~ 1960 to 1992 while the CbrisceoIea 1 data spa'" 1949 to 1992.
Bulb aacllJrecaky ...... cba& tile biDlry variable u.sed 10 rcpracat divestiture was equal to "zero" for aU
yeus prior to 19M aDd equal to -cae" for 1984 dlrouP 199Z.

U Direcr: ad Raply TMtinnlY of Dr. GNIOry M. DUDCaD OD bebaJf of GTE CaIiforaia .IDcotpOnted
ill Califomia P\ablie Utili_ CommjesjoaCuo No. I. 9S~~1.Dr. DUDC:8Il shows tiMt Bub-U~yweN, ill
fc. uaable to tMl Ibe bypocbelis of whether the LEe ad lJ.S. input price .n. deviate hID oae aootMr iD
1M 10DI fUll for cwo........ Fin&, both the u.s. iDpuc price sen. uacI the Moody baed yield serieI ...
eado,.oua ill &be 1DOdol. aDd I8CClIId dle Buab-UNtlky IN'DC*1l11'a miIUIII dummy varillble medaodolol)'. Dr.
DuDcaIa .-formed aD AlUMA aaalyUI ud • coiDtepaCioa tilt~ CbriaIaI...·.LEC aad V.S.' iDput price
sen.. mel. based OIl that aaalylia. coacluded that &be iDpuC aeri. aN cointepated-dw there ia DO~ to
support &be COGtcDboa'that L:EC iDpul price series IIJOWI5 ditrercGdy from the tt.S. iDput price leri.-1euflPC for

spurioua rudom tluetua&iou. '. : :
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FJlUre 1
LEe and US Input Prices Track Each Other Closely

input price differential has returned to a zero mean in the 1989-1992 period and (iii) that the

input price diffcrcritial in the 1960-1980 period is the same as the differential in the 1990­

1992 period. Thus, further applications of the Bush-Uretslcy dummy variable method show

that the Bush-Urctsky dara do not support the hypothesis of a one-time shift in the input price

differential at divestiture. 16

1. Duacm doeI DOt ..pnl_, of ...... cIuauDy variable ..... di.,a.dive of bypatblli. dill
tbc iDput price diffualtial cbaDpd Al diveGiture or differs from ZCIO. ID Du1M:u.'. v_ proper tea of abe
hypotbela that the iaplll price diffctcntial iI~ aDd has DOl c:haDpd ia to pcfona • Ii.. __ ....y.. of ....
diffenatial ADd tell wbetber the ._ is swiOlW)' and bu • lA:IQ -. ID biI Califomia ..liIDoGy. be allowed
tbat 1be dIta caD reject Dei'" bypoehais. so thai rho ... are 'lOD'i!It.eD' with • data ,....eiDa~ tbat •
• 'ioury (CCIII&IIIt aver time) aDd bu aro IDeIIl (so that the iDpuc price powtb for &be te1ecommuaiellticma
iDdUlll'yequa1J tbac of me U.S. as • whole).
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The two key questions to be answered are (i) whether LEC input price arowth

differs from the overall U.S. input price growth over the long run and (ii) whether the input

price differential has changed since divestiture from its long run average. One simple way to

address these questions is to create an index of each series and observe if. when and how

LEC and U.S. input prices deviate from one another. These seemingly contradictory

statistical results are then readily explainable given a picture of the data. Figure 1 shows ,

LEe and U. S. input price indices developed using the Christensen 1 data set for the 1949.

1992 period.

,
The input price indices track each other very closely from 1949 to 1979. LEe input

prices then grow more rapidly than U.S. input prices from 1980 to 19.83, more slowly from

1984 to 1989 and more rapidly again from 1990 to 1992. Relying on an artful choic;e of

dummy variables, one could easily, but incorrectly, conclude that the relationship between

LEC and U.S. input prices changed permanently at divestiture. but the evidence shows that

(i) the change did not begin in 1984 and (ii) the change was not permanent, reversing itself

in the 1990-1992 period. The data simply do not show a one-time, permanent change in the

relationship between LEe and U.S. input prices in 1984. From the evidence shown in Figure

1, it would be impossible to argue that the mean input price differential growth rate for the

1984-1990 period would be the best forecast of future input price differential growth rates.

On the contrary, the evidence suggests that a one-time deviation from. historical norms has

reversed itself and that U.S. and LEC input price changes should now again apProXinwfty

equal one another. If there was a shift, it was temporary and is now over.

In addition, the data used to measure the input price differential were not collected

for thiJ purpose and are unsuited for this use in several ways. First, as explained by Dr.

Christensen. the U.S. input price series are calculated using a different treatment of capital

prices from the LEe input price series. Thus, in the post-divestiture period when interest

rates fell but corporate profit rates remained relatively constant, the ·difference between

measured U.S. and LEC input price changes overstated the actual difference between those

changes. Moreover. the fact that both Christensen I and 2 data sets were spliced together
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essentially at divestiture readily explains the obscr:vcd "change" in the relationship between

LEe and U.S. input price growth rates. 17 Thus, our ability to measure any bypothetical

shift from these data is limited: measured differences in LEe and U.S. input price growth

rates are at least panly due to differences in measurement methods.

c. Errors in Measuring Input Price and TFP Growth do DOt Caacel Out

In USTA's Reply Comments filed in 1994, NERA presented both theoretical and

empirical evidence that differences between measured LEe and U.S. industry input price

growth rates are unreliable and more volatile than corresponding differences between LEe

and U.S. total factor productivity growth rates. In addition, Christensen showed that U.S.

and LEe capital prices were not comparable because they were calculated using different
I

methodologies. and that apparent differences in growth rates could be .ascribed to differences

in methods of calculation rather than underlying differences in the true growth rates.

In their appraisal of this evidence, Bush-Uretsky replied that

•

•

NERA has not shown that measurement errors in capital prices "introduce a
bias into the input price series"·1 and that "although NERA has shown that
the measurement problems could cause considerable year to year fluctuations,
NERA has not shown that such fluctuations could make a six year period ..•
unreliable" 19 and that

though BLS and Christensen measure capital costs differently t "an opposite
bias of equal mqnitude is contained in the TFP differential that USTA would
use to set the X-Factor... [so that] the sum of the TFP differential and the input

17 no am_ 1 daIa .. _tially combiDca WI Sy.................ra (i•••• ATAT iDduded
with the RBOCa) from 1949-1979 with LEC meuuremenra from 1984-1992. UIiDI two dirr.-t LEC daIa ...
beNeeD 1980 ad 1983. Tbe Caris!mIM 2 da&a let combiDel the North Dako&a LEC study (wbicb ...
simplified. masure of the price of capital) for the 1960-1984 period aDd the USTA LEC lbIdy for the 1915­
1992 period.

.. However. am.t.- Auoci... 1bowed that the capital price Ieri. ill &be U.S. NaaioaaJ Iacame ad
Product ACCOUDII produced. biued IDeUIInI of Ibe IfOWIh of U.S. c:apital prices ad Ib.. of the L:EC-U.S. iDput
price ditrercati&L See me CbriItea.. Affidavit at 7-9. . .

1. Oeunlly aD .dvocate of the .... of a paUcular lla&iltie for public policy pwp0N5 mow. that &be ttalillic
is reliable. 10 that radom eaTOn of IDCUUICInCGt do DOt lead 10 .. chaD,. ill econoaaic OIIICOII*.. NBRA'.
a1lopd failure to show cb.Il the meuured iapue price differefttiaI i. uIINliabl. doe& not IDMC evm tbat.miIIiaal
burda of proof. . . ~
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price differential will be unbiased and that the X-Factor, which equals the
sum, will be unbiased. "ZO

Based on this record. 1 59 of the FFN seeks further information on problems in measuring

input price changes, citing Bush-Uretsky's conclusion that

descriptions of problems in measuring changes in post-divestiture input prices
fails (sic) to convince us that the problems are serious enough to warrant
rejection of the measurements for usc in calculating an X factor.

This conclusion, however, is incorrect and is based on (i) a misreadine of the empirical

evidence in the NERA study and (ii) a simple algebraic error in Attaclunent B to the Bush­

Urctsky study.

First, input price differential data are clearly subject to much Jreater fluctuations

than productivity differential data over the post-divestiture period. The empirical evideitce

regarding the input price differential presented in the various USTA filings and u panes

shows clearly that random fluctuations make data from a six or eiaht year period sufficicndy

unreliable that standard statistical tests cannot distinguish the mean differential from zero.21

One might debate in a policy setting whether these statistics should commit the analyst to

behave as if the hypothesis were true. However, one cannot seriously 'debate the empirical

faet-quantified by the t-statistics-that .. such fluctuations ... make a siX year period •• '.

unreliable," particularly for use in predicting future values of the differential.

Second, Bush-Uretsky's conclusion regarding the comparability of LEe and U.S.

input price series suffers from a critical algebraic error. In their Equation (2), reproduced

below, the authors write the measured input price change (Cl'WUS
) as the sum of the true

input price change(~~ and a measurement error in input prices (Aw)

(2) ,;,ww - ~Wl1· + 4w .

3D Appendix F at 11.
21 Sao, for iaM-DCC1 tba affidavit of Dr. Lauriu R.~ • All Iaput Price AcU.....t WOuld Be

AD. laappropriara AddicioA to nc LEe Price Cap Formula· Oft beba1f of die Uaiied sea_ TeI.tpbaae
AJIocWiclG. February 1. 1995 .
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The error Aw is ascribed to the effect of profits on the measured change in U.S. input

prices.22 Bush-Urctsky define "TFP·W as

a.l) ~TFP~' = .,W-utl • G~

which can be interpreted as the measure of TFP growth associated with a coaecdy measured

input price growth liven. by ..W-U'. Substituting equation (2.1) into equation (2), they then

obtain

(2.1) .,WW = GDP-PI + '1GTFP~ + Aw •

The error arises in the next step where they (implicitly) assume that the last two terms in the

above equation are equal to measured U.S. productivity growth. Usini this notation,

however, measured U.S. productivity growth (~TFP"') differs from actual U.S. productivity

irowth (%1'F'I-va, by a measurement error ( Am ):%3

(2.3) ~TFP'" - 'OTFP*tlS + 41ft".

Thus errors in measuring national input price growth and national TFP growth would c:ancel

out and measured national input price growth would be equal to measured inflation plus

measured national TFP growth:

(2.4) "Wl1l
_ GDP.PI + ~TFP"'

only if 4", = Am" Comparing equations (2.2) and (2.4) above, we see that Bush-UretsIcy

have implicitly assumed that the measurement error in national input price growth is the

same as the measurement error in national TFP growth (i.e., the measured growth rate

differs from the actual &rowth rate by the same amount, A, for both U.S. input prices and

productivity). Thus, Bush-Uretsky incorrectly conclude that 4 canc:cls out in their equation

(6) in Attachment B only because they incorrectly assume that the same 4 measures both the

ZZ We .. tba sublcript W co BUIb..Ul1lUky·, ~ CO diltinpisb~c errOr ill input price pvwtb
from~ onor ill TFP rrowrh below. '

23 WO Idd tile aublcripl TFP to Bum.Uretsky·. A1 co dillincuillb meuu......-c error ill TFP pori
from smuurameot ill input price lrowdl above.
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error due to profits in the U.S. input price growth series and the error due to profits in the

U.S. TFP growth series.

The assumption that an error due to the treatment of profits in U.S. accouotiol has

the same effect on measured productivity JIOwth as on measured input price growth is utterly

incorrect. As explained in the NERA 1994 Reply Comments,

In a TPP study, input prices are used only to calculate the relative wei,hts of
different inputs used in construction of the quantity index of agpepte input.
These weights arc expenditure weights, where expenditure is the product of
price and quantity. While calculation of labor and materials prices and
expenditures is sttaightforward, the estimation of capital expenditure and the
price of capital is quite complex. Moreover, for purposes of a TFP study,
capital expenditures do not have to be measured with a significant level of
precision: even though there are a number of ways to calculate such
expenditures, the capital share of the input quantity index tends 10 be around
SO percent for LECs. And since it is the~ that is important, fluctuations
around SO percent do not matter much in the estimate of the. input quantity
index.

In contrast, when the same formulas are used to calculate an input price index,
the year to year chanEC becomes very important. It is elementary that accurate
calculation of changes is much more difficult that accurate calculation of
levels.2'

For example, small changes in capital equipment prices produce large ,changes in the

measured price of capital. (as shown in Table 3 of the NERA Reply Comments) but have

little effect on the relative size of capital expenditure and thus little effect on measured TFP.

Such distortions are thus likely to have a much more si,nificant impact on the growth of

input prices than on the lrowth of TFP. In general, any error that distorts the growrh of

aggreeate input prices but not the proportional mix of inputs will result in different ";.$ for

equations (2) and (2.3) above. Thus. if one were to usc the ·proposed input price c'Jfferential
. ... . ~ ~...

in the calculation of X, measurement errors in national input prices would not cance1 out,

:M Nalioaal Ecoaomic a-rdl AAcx:i.'N. IDe., "Ecoaomic: PerforIDuH:e of the LEe Price Cap PIaD:
Repl)' Conun=",. filed u Attach.....'" co cb6 Uni'M SIma T.kpJuM. A.ssodtIIion lWply e..un..u, JIIII8 29,
1994, at 28. (NERA lleply CoDUDODU).
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and errors in the input price differential would translate directly into erron in the measured

value of X.

In summary, a correct reading of the theoretical and empiri:al evidence in the.,
record supports the fra&ility of direct measures of the input price differential over the post-

divestiture period. Setting X to reflect random fluctuations in the poSt-divestiture input price

differential runs the risk of seriously penalizing price-cap regulated finns as int.erat rates

begin to rise and LEe input price.s-once a,ain-begin to grow at a faster rare than those of

the U.S. as a whole.25

m. PRODUCTIVITY GROWTH CANNOT BE MEASURED FOR SUBsETS OF
SERVICES

The FFN explores in 15 62-70 the possibilities of (i) measuring TFP growth for
.. ". ,'. .

interstate services or for regulated services alone or (ti) adjusting a total company measure of

productivity growth for differences in the relative rates of output growth for various servic:es.

Failing such adjustments, the FEN asks whether adoption of a productivity offset based on

total firm TFP experience for interstate services alone would result in a deficit or windfall if

intrastate prices were regulated using Pan 36 costs.

As the FFN tentatively concludes,26 TFP must be calculated on a total company

basis because there is no economically meaningful way to assign portions of common

facilities to individual services. To see this, suppose the rqulated firm 'SUWlied only 'two
:". . ....

identical services (interstate and intrastate usage) initially at equal volumes and equal prices,

using identical facilities which could have both fixed and variable cOst' Components. Suppose

that over time, (i) demand for interstate llSaJe doubled while demand for intrastate usage

re~ed constant, and (ii) total input quantities increased by 40 percent. The resulting

powth in TFP for the firm would be about 6 percent; using Tornqvist nwenue weiihts,

..
~ III .edditioa. c:buIps ill other LEe input pric. could cuae .,,,.... LEe iDput pricB powcb CO

exceed that of averqe U.S. iDpuI pric:a.
- At 1 63.

.....
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aggregate output would have increased by about 46 percent while agregate input quantities

would have increased by 40 percent. Assuming input prices were unchan&ed, unit costs

would fall by about 6 percent.n

How should this proc1uctivity growth be distributed-if it all--between interstate

and intrastate usage'] First, it should be clear by the symmetry of the assumptions that the

change in variable cost is the same for interstate and intrastate usaae: an additional minute of

each se!Vice would increase total costs by exactly the same amount both before and after the

change in output. Even though interstate demand growth is responsible in this example for

the reduction in unit costs, that reduction inures equally to interstate and intrastate savices.

Thus if all costs were variable. unit costs for intenwe and intrastate services would fall by- .
the same amount (6 percent), and-in unregulated competitive marla:ts-output prices for

these services should fall by about the same amount. Second, if all costs were fIXed,

incremental cost would be zero in each jurisdiction and each additional minute of use would

reduce unit costs by the same amount, irrespective of whether the usqe were interstate or

in~. Thus. it is pointless to ascribe faster TFP &rowth to one service compared with

another.

A. Productivity Growth Cannot be Measured Separately for Interstate
Services

The Christensen measures of historical LEe industry total factor productivity

growth were calculated for (essentially) all inputs and outputs of the local telephone

companies. Noting that the FCC regulates only interstate services, the FFN questioned the

relationship between productivity growth for the finn as a whole and productivity~ for

its intcntate and intrastate services. In particular, the FFN requested comment on wTer
differential rates of output growth or profitability between interstate and intrastate services

would affect measures of the historical interstate TFP growth rate and if there were some

mechanism to adjust total company TFP growth estimates to accoun~ for these diit; ca.»

'Z1 We c&1~to lrawth rates 115m, eIle difference bet\MIeD &b. nacunl loprithma of the levela.
a "N at 162~8.


